We have studied laboratory low pressure (0.1 mbar ≤ p ≤ 2 mbar) 4 glow air discharges by optical emission spectroscopy to discuss several spec- 
of the quenching process, which is the other channel that competes with the deactivation of the 73 N 2 (B 3 Π g ) state, is roughly one order of magnitude longer than rotational-translational relax- or N 2 (C 3 Π u ) optical emissions from some TLEs (like blue jets and/or giant blue jets) below h q X -8
: TLE ROTATIONAL (GAS) TEMPERATURE DETERMINATION with a nominal spectral resolution of 0.45 nm, that we will use for TLE spectroscopic surveys 91 in Europe.
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In this work, we use three different methods of gas temperature determination that employ 
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where T R is the rotational temperature, C em is a constant depending on the change of the dipole 216 moment and the total number of molecules in the initial vibrational level (v ) [Herzberg, 1950] 217 and ν, Q R and B v are, respectively, the frequency, the rotational partition function and the 
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The symbols c, h and k stand for the speed of light and the Planck and Boltzmann constants, temperature that we consider is the mean value (450 K) of the even and odd J fits. wavelengths [Simek, 1994] .
253
The method was extended for other 1PG bands [Simek, 1994] and, actually, allows using three 
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When applying the method using the (3,0) or (2,0) bands, one needs to take the ratios of given by Simek [1994] and are now reproduced in Table 1 .
271
The method proposed by Simek and DeBenedictis [1995] can be of wide use since the N 2 -
272
1PG is one of the most accesible band systems of N 2 extending from the red to the near infrared.
273
In addition, since the method deals with optical emissions from the N 2 -1PG, it can be applied to derive the rotational (gas) temperature using the method proposed by Simek and DeBenedictis
299
[1995]. However, spectral resolutions one order of magnitude higher than the ones used so far 300 in TLE spectroscopy campagins are needed in order to partially resolve the rotational structure
We have developed a program written in python programming language to calculate the syn- 
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where C 1 is a constant and ν j , S J j ,J j , v , J j and N v ,J j are, respectively, the frequency, the Hönl- 
where v is the upper vibrational quantum number, N v is the concentration of the v th vibrational
is the rotational energy of a given upper J j rotational level, and
is an alternation factor which is a function of the nuclear spin I and takes into account the parity thus Φ J j = 2/3 or 1/3 for symmetric levels (e) and asymmetric levels ( f ), respectively.
350
Considering equations (3)-(5) and, given a set of (v , v ) vibrational bands within the N 2 -351 1PG, the emission intensity of each of the rovibronic transitions considered between (v , J ) and
354
where C 2 is a constant and the 1/T R dependency comes from the expression of Q R (T R ). In responding, respectively, to the rotational energies F 3 (J j ), F 2 (J j ) and F 1 (J j ). 
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In order to compare the synthetic spectra with the observed (measured) spectra, each line of as [Biloiu et al., 2007] 382 were used in spectral fitting of partial N 2 1PG spectra recorded with 2 nm spectral resolution to 391 derive the VDF of N 2 (B 3 Π g ) (see Fig. 8b, 8c) . 
Experimental quantification of vibrational distribution functions
In order to experimentally obtain the VDF of N 2 (B 3 Π g ) from laboratory data, we have fitted 393 synthetic spectra of N 2 1PG to the experimental spectra recorded using different pressures (0.1 394 mbar -2 mbar) at low resolution (2 nm). For such a fit, we have used the rotational (gas) 395 temperature resulting from previous fitting of certain rovibronic bands, like (3,0) and (2,0), at 396 medium (0.45 nm) spectral resolution of laboratory HC discharges spectra.
397
The resulting VDFs were compared with those recorded for sprites by, respectively, Buc- 
413
The Boltzmann plot method has been applied to air plasmas produced in DC hollow cathode Table 2 . As commented 424 on formerly, an example of the method is given in Figure 2 .
425
The subband head peak and spectral fitting methods to determine the gas temperature have 426 been also applied to air plasmas produced in DC hollow cathode discharges for pressures be- is due to the fact that the hollow cathode air discharge produces relatively cold plasmas with gas 458 temperature of 400 K (see Figure 3) while the commercial discharge lamps we use generate 459 a plasma with higher gas temperature that promotes the excitation of higher rotational levels transitions (4,3) and (3,2) are both associated to strong radiative transitions of atomic oxygen.
520
Moreover, the peaks at 868 nm and 878 nm to the left and to the right of, respectively, the 521 (2,1) and (1,0) transitions of the N 2 1 PG, might be also due to atomic nitrogen and oxygen 522 emissions, respectively. Finally, the small peaks at 811 nm and 823 nm just before and after 523 the (5,4) transition could also be associated to atomic oxygen emissions.
524
We see in Figure 8 (panel A) that, in general, the laboratory HC air spectrum, the two sprite : TLE ROTATIONAL (GAS) TEMPERATURE DETERMINATION be used to extract unique temperatures. This is not always the case with remote sensing of the 583 atmosphere.
584
We found that the relative populations of the vibrational levels of N 2 (B 3 Π g ) from v = 2 to 
592
In fact, previous works in auroras [Cartwright, 1978; Morrill and Benesch, 1996] show that the (blue dashed line), using T gas = 385 K, to the N 2 1PG spectrum recorded in a hollow cathode air discharge generated at 0.11 mbar ( 70 km) recorded with ∆λ = 2 nm. Panel C shows the spectral fit (blue dashed line), using T gas = 356 K, to the N 2 1PG spectrum recorded in a hollow cathode air discharge generated at 1 mbar ( 53 km) recorded with ∆λ = 2 nm. 
